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ABSTRACT 


Rotational analyses of the 1,0, 0,0 and 0,1 bands of the A-X system of SnO have been carried 
out. The system corresponds to a 1IJ—1D+ transition. Rotational constants for the upper and lower 
states have been derived. For the most abundant isotopic molecule Sn12°Q1 they are as follows: 

By =0.3145,—0.0025 (v’ +4) cm-; rg =1.950 A 

Dy =[0.39 +0.02 x v’] x 10-8 em-; 

By =0.3561-0,0022 (v” +4) em-1; re =1.832 A 

» =0.29 x 10-® em-1; 

Ye =29624 cm-}, 

Several perturbations have been found in the upper vibrational levels. One of the perturbing 
states is probably a 1II state. 

Lines of the molecules Sn¥8016 and Sn6Q16 in the 0,1 band have also been measured. The shifts 
give oj13 = 0.99802 and p75 = 0.99594. 


Introduction 


Several band systems lying in the blue and ultraviolet regions of the spectrum 
have been attributed to SnO. The system with », = 29503 cm-1, sometimes called 
A-X, sometimes D-X—here A—~X—is the most prominent system. Early observa- 
tions are given in the atlas of Eder and Valenta (1911). In 1931 Mahanti investigated 
the bands excited in an arc in air and arranged them into three systems. Connelly 
(1933) used a high tension are passing through a hydrogen flame fed with SnCl,, 
and gave a vibrational analysis for the A—X system from emission as well as from 
absorption measurements. He found in particular that the level v’ =3 is perturbed. 
Loomis and Watson (1934) investigated the ultraviolet H-X system in a tin are, 
operated in oxygen at reduced pressure. Mahanti and Sen Gupta (1938) performed 
rotational analyses on the 1,0, 0,0 and 0,1 bands of the A-X system. They assumed 
that the system corresponds to a 1X—E transition. In 1939 the same authors discussed 
the isotope lines in the 0,1 band. Eisler and Barrow (1949) extended the vibrational 
analysis of the H-X system from absorption exposures. The absorption spectrum 
in the Schumann region was measured by Barrow and Rowlinson (1954). 

At a first glance Mahanti and Sen Gupta’s rotational analysis seems to be very 
plausible. The B values are of the expected order of magnitude. It is peculiar, how- 
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ever, that the prominent singlet system in SnO should be 1£-!X, whereas the corre- 
sponding system for all the related molecules CO, CS, SiO and SiS is a I] transi- 
tion. A thorough study of the reported combination differences shows that these 
agree very poorly. Accordingly we considered it desirable to carry out a new rotational 
analysis of this system. 


Experimental 


Different light sources for producing the SnO bands were tested, among others a 
high frequency discharge through a silica tube with SnCl, and streaming oxygen. 
The most intense light source, however, was found to be an are in reduced oxygen 
between copper electrodes, of which the lowest one was furnished with a hole con- 
taining tin. The spectrograms were taken in both first and second orders of a 21 ft 
Wood grating with 165 000 lines. Several exposures with different exposure times 
(7 to 12 hours) on Ilford Thin Film Half Tone plates were made. 


Analysis 
Structure of the bands 


Owing to rotational perturbations and to the great number of tin isotopes the 
analysis is rather difficult. The analyses, however, show unambiguously the presence 
of three branches, R, P and Q. Thus the transition must be 'I]-'X. A reproduction 
of a part of the 0,1 band is given in Fig. la. The R, P and Q lines belonging to the 
most abundant molecules with Sn1*°, Sn™8 and Sn"6 are marked. The figure shows 
clearly that the Q lines of Sn!*°O are more intense than all other lines not overlapped. 
Fig. 16 shows the part of the 1,0 band, where the vibrational and rotational isotope 
shifts cancel. The Q and R lines overlap each other for several J values, while the P 
lines are free. To the right the Q and R lines begin to separate more and more; the 
appearance of the spectrum in this short region suggests simple 1X—1I1 structure 
without isotope lines. To the left the P lines are not numbered: there is a strong 
perturbation here which could not be studied in detail. It is remarkable that Mahanti 
and Sen Gupta made no mention of the perturbations in the upper vibrational states. 

The 1,0, 0,0 and 0,1 bands have been analysed. The wave numbers for lines belong- 
ing to the most abundant isotopic species Sn!2°O!* are given in Table 1. For the 0,1 
band the @ lines of Sn™8016 and Sn1!460!6 are also given. 


Rotational and vibrational constants 


The rotational constants were determined from the second differences A, F’’ (J) = 
R(J —1) —P(J +1) and A, F’ (J) = R(J) —P(J). The constants derived are: 


By =0.3108 em-1; Dy =0.41 10-6 em=-1 


Bo = 0.3133; Do =0.39 x 10-8 

a =0.0025 

By =0.3527 em-!; Dy = 0.29 x 10-6 em-1 
Bo = 0.3550; Do = 0.29 x 10-8 

a’ =0.0022 
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Table 2. Perturbations. 


Co eS Remarks v ie Remarks 
0 51 weak 1 40.5 rather weak 
0 74.5 strong 1 55 strong 


Oo. (121 rather weak 1 104 rather weak 


From the first combination differences of the upper state levels A, F’ (J) we obtain, 
for v’ =0 and 1, 
By — Biw4 x 10-6 em-, 


The v) values were determined from the Q lines as follows: 
% =Q(J) — (B’ — B”’) J (J +1) + (D’ — D”) J2(J +:1)2. 


Thus 1,9 = 30 076.8 cmt 
Vo,0 = 29 503.2 
Ld Ces 28 688.6 


From the differences (v1.9 —v90) and (v0 —¥,1) we obtain w, —2a.a% =573.6 and 


We —2e¢' xe = 814.6. With Jevon’s (1938) values wx’ = 3.08 anda’ x,’ = 3.73 we get 


w. 580 em and we = 822.1 cm-!, 


Perturbations 


Several perturbations have been found in the upper vibrational levels. At all 
perturbations detected both the R and P lines as well as the Q lines are shifted, 
and the culmination of interaction takes place at the same J value for the Q lines as 
for the R and P lines. This fact indicates that the perturbing states have A> 1. 
The appearance of the perturbations suggests singlet-singlet interactions. Thus the 
perturbing states are probably "II or !A states. In all, six perturbations have been 
found. The positions of the perturbations are given in Table 2. 

The perturbation at v’ =0, J‘’=51 is extremely weak and could not be found 
with certainty in the 0,0 band, which is more difficult to analyse than 0,1 due to 
the abundance of lines in the background. The perturbations at v’ = 0, J = 121 have 
not been analysed but the @ lines can easily be observed on the plates and on photo- 
graphic reproductions. It has not been possible to identify extra lines in the perturbed 
regions with certainty, although in the strong perturbation at v’ =1, / =55 some 
extra lines—not given in the tables—fit very well. If these lines are the right ones, 
the B value of the perturbing state is 0.247 em—. 


Isotope effect 


Tin has ten stable isotopes with the following masses and abundances: 
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Fig. 2. Isotope shifts of Sn1!® and Sn1!¢ lines for the 0,1 band plotted against the wave numbers. 


112 0.95 % 118 24.01% 
114 0.65 119 8.58 
115 0.34 120 32.97 
116 =—-:14.24 122 4.71 
117 7.57 124 5.98 


The three lightest isotopes are rare but the other seven all contribute to the spectrum. 
In our analysis we have not made any efforts to find all isotope lines. For the three 
investigated bands we have picked out the three most abundant isotopes 120,118 
and 116 in the Q branches. For the 0,1 band these isotope lines have also been analysed 
in the P and # branches. A part of the 0,1 band with these isotope lines is given in 
Fig. la. From considerations of space only the wave numbers for all the three 
isotope lines are given only for the Q branch in 0,1 in Table 1. The isotope shifts 
of Sn#46O and Sn'480 are plotted against the wave numbers of Sn!#°O in Fig. 2. 
From the slopes we get 


djs = 0.99802 and jig = 0.99594. 


From mass spectrometric determinations of the atom masses (see for example, 
Townes and Schawlow, 1955) one gets 


oj1s = 0.998007 and oiig = 0.9959547. 


Mahanti and Sen Gupta (1939) investigated the isotope lines in the 0,1 band. Their 
task was, of course, impossible, as their rotational analysis was incorrect. Nevertheless 
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Table 3. The states AI] and X15* of the molecules CO, SiO, SnO, CS and SiS. 
cmc enn, eee SS OR ee 


State Molecule... CO siO SnO CS SiS 
SS a a re ee eee 
1T Vo 64746.5 42640., 29503.2 38798 34908.5 

oy 1515.61 852.7, 579.7 1081.2, 513.1, 
or/o, 0.698 0.687 0.705 0.841 0.684 
Bry 1.6116 0.6313 0.3146 0.7799, 0.2664, 
By/B, 0.835 0.868 0.883 0.951 0.888 
ne 
1+ oO, 2170.21 1241.4, 822.1 1285.08 749.69 
B, 1.9313, 0.7273 0.3561 0.82005 0.3036, 
OS SE A Se ee ee ee ee | 


they managed to find the isotope lines of Sn", Sn™8, Sn!22 and Sn124, but detected 
no trace of the isotopes Sn? and Sn!°, which are more abundant than Sn!22 and 
Sn?4, 


Discussion 


This rotational analysis establishes that the intense singlet-singlet system in SnO 
is a Il transition, in agreement with the other spectra of diatomic molecules 
from the fourth and second periods (CO, CS, SiO, SiS). A comparison of the two states, 
A1[I and X15+, for these five molecules is given in Table 3. The electronic configura- 
tion for the ground state of SnO gives a 1Z+ state exactly as for the other molecules 
here mentioned. 

A rotational analysis of the corresponding system in GeO was given by Sen Gupta 
(1939) who assumed that the transition was a 1Z+—1+. The combination differences, 
however, agree here as poorly as in the rotational analysis of SnO by Mahanti and 
Sen Gupta. It seems very probable that this analysis also is incorrect and that this 
system too corresponds to a 4I[—'S transition. 

The ground state of oxygen is a °P state. the ground states of C, Si and Sn are also 
8P states. The ground states of the molecules CO, CS, SiO, SiS and SnO dissociate 
into the ground states of the atoms. For the four molecules CO, CS, SiO and SiS 
the A1II state also dissociates into the normal states of the atoms. It seems to us 
that this is also the case with A1II in SnO. Some years ago (1954) this statement 
was maintained also by Barrow and Rowlinson. For the ground state X1X+ in 
Sn0 a linear Birger-Sponer extrapolation for the dissociation energy gives D, = 45000 
em. This value agrees well with values for D, obtained through thermochemical 
data (Brewer, 1953; Barrow and Rowlinson, 1954.) 

Connelly showed the existence of vibrational perturbations in the A'II level. The 
perturbations are rather strong—up to 40 cm-1—so that the values for the vibrational 
constants are difficult to derive. Jevons (1938) recalculated these constants from 
Connelly’s measurements. With Jevon’s values the dissociation energy for A'II is 
about 11000 cm-'. As », for A1II is about 30000 em-! these data correspond to 
a dissociation energy for the ground state of 41 000 em-1, which indicates that the 
vibrational constants by Jevons are slightly incorrect. In any case from the calcula- 
tions made above it seems most probable that A1II dissociates into the normal state 
8P(Sn) and *P(O) of the atoms. The nearest atom pair, which can give birth to a 
1]I state, is 1D(Sn) +1D(O) which lies more than 20 000— above the combination 
AP +3P, 

Physics Department, University of Stockholm, January 1959. 


A. LAGERQVIST et al., The A1I[—X1X system of SnO 
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